The coral reefs of Pirangi beach have suffered the impact of anthropic actions, mainly those related to tourism. To evaluate these effects, algal samples were collected at nine stations, distributed along the reef fringe. The macrobenthic community (algae/coral) was identified through photographic methods. A total of thirty species of algae, five species of coral, and one species of mollusk were identified. In areas of intense tourist activity, small algae were predominant, while in areas without human interference, foliose algae were predominant. Cluster analysis of the organisms revealed a pattern in spatial distribution into five zones: (1) a submerged zone with very diverse flora, (2) a zone with a predominance of Caulerpa racemosa, (3) a zone with high coverage of Sargassum vulgare, (4) a trampled zone with bare spaces, small algae and Zoanthus sociatus, and (5) a zone with predominance of Palythoa caribaeroum. The results show that human disturbances of the natural order can result in a different distribution model for benthic organisms in reefs. Moreover, these results allow us to infer that the area studied has undergone changes resulting from human activities and that the differences in biological composition can be used as an important indicator of the health of the Pirangi reef.
Introduction
Reef areas worldwide are under constant stress due to human activities, including eutrophication, overfi shing, tourism, and sedimentation resulting from land use practices (Bellwood et al., 2004; Smith et al., 2006) . In recent years, recreational activities in marine environments have increased worldwide (Werfhrost & Pearse, 2007) . Human interferences on coral reef create disturbances to marine organisms, which include the harvest of animals, the modifi cation of habitat, the trampling and the physical contact of the fi ns of divers with the organisms (Addessi, 1994) . These activities can cause high mortality in marine organisms, with sessile invertebrates and marine algae being the most vulnerable (Milazzo et al., 2002) .
Brazilian reefs have suffered disturbances, particularly those that are close to urban areas and easily accessible (Castro & Pires, 2001) . In reef areas on the Northeastern coast of Brazil, there are records from the seventeenth century of coral and sandstone block extraction for use in construction (Ferreira & Maida, 2006) . For many years, coral organisms were also exploited to produce lime, an activity that ended in the 1970s. Predatory fi shing and tourism have also contributed to the degradation of these environments.
The negative impacts caused by human activities highlight the need for methodologies that quickly describe biological communities and serve as a basis for monitoring and conservation programs (Pereira et al., 2008) . Among the techniques used to measure the biological composition of reef formations are the destructive methods, which include the removal of organisms, and the non-destructive methods, which consist of counting the organisms and coverage percentage. Recently, photoquadrat sampling techniques have been widely used in various regions of the world. This method can be applied to quantify the coverage and density of algae and invertebrates for monitoring, environmental impact and baseline studies, etc. This method is suitable for diagnosis and monitoring of large areas and has the advantage of obtaining a large number of sample elements. The objectives of this study are to characterize the algal community on the Pirangi reef area and to identify evidence of human impacts through the comparison of areas subjected to a gradient of human interference.
Materials and Methods
The present study was conducted on the Pirangi reefs, located on the southern coast of Rio Grande do Norte state (5° 58'S -35° 06'W), in Northeastern Brazil (Figure 1 ). This reef formation is about 2000 m long and 500 m wide and is part of a discontinuous reef system that extends over a large part of the coast of Rio Grande do Norte. The reef area studied is about 1 km 2 and approximately 800 m from shore. The depth in the vicinity of the reef does not exceed 2 m during low tides. Water temperature is relatively constant throughout the year (28 to 29 °C) and the tidal range varies from 0.1 to 2.7 m. The presence of shallow, clear, warm water throughout the entire year and the relative proximity of the coast have provided and incentive to marine tourism for over 20 years. The recreational tourist activity on the reef occurs throughout the year, with peaks in January, February and July.
In this study, nine sampling stations (E1 to E9) were selected along the reef (north to south) using a GPS (Global Positioning System), the selection contemplating areas that are frequently visited by tourists, areas with little tourist activity, and areas totally free of the presence of tourists. The stations where no tourism is practiced were located at both ends of the reef (E1, E2, E3, E8, and E9). These areas are always submerged, even in exceptional tides. Two stations (E5 and E6) were located on the reef plateau in areas of intense human activity, suffer constant trampling and are immersed in spring tides. The other two stations (E4 and E7) were located in areas where the impact of tourism is considered to be relatively moderate. Station E4 is sheltered from the brunt of the waves, while E7 is on the exposed portion of the reef and subject to constant pounding of the waves. Samples were taken between February and March, 2010, during low tide.
The macrobenthic community (algae/ invertebrates) was identified by the photoquadrat method (Preskitt et al., 2004) , with 50-meter transects distributed randomly and parallel to the coastline, using digital photographs taken at 2-meter intervals. A digital camera in an underwater housing was used, coupled with a stand that guaranteed a 90° angle to the substrate. Subsequently, each photograph was analyzed using CPCe 3.5 software (Coral Point Count with Excel Extensions) with a grid with 70 intersection points (Kohler & Gill, 2006) . Each point was identified with a corresponding category. The general categories assessed were corals, mollusks, crustose coralline algae, articulated coralline algae, green algae, red algae, brown algae, and sand/gravel/rock. Each general category was composed of several sub-categories, consisting of the different species of organisms identified at the lowest possible taxonomic level.
The benthic groups were analyzed by taxonomic composition, species richness, Shannon-Wiener diversity, and coverage percentage. The differences between richness indices at different collection stations were investigated by variance analysis (one way ANOVA), using Tukey's a posteriori test. Univariate analyses were conducted according to Zar (2009) , with the aid of Sigma Stat 3.0 software. Comparative analysis of the stations studied included cluster analysis (Q mode) and the MDS ordering method, using the Bray-Curtis coefficient, conducted with Primer 5 software (Clarke & Warwick, 2001 ).
Results
In this study, differences were recorded in the species composition. A total of 36 species were identified during the study, including thirty species of algae, five species of coral, and one species of mollusk (Table 1 ). The data showed that algae were the dominant organisms on the reef formation. Caulerpa, Gelidium, and Dictyota presented the largest number of species (3 each), with Gelidiella acerosa showing a wider distribution along the reef, being present at eight of the sampling stations. Among the coral species, Siderastrea stellata and Zoanthus sociatus were present at four and five of the stations, respectively. The richness index differed significantly between the stations analyzed (p≤0.001). As expected, the stations that showed the highest richness indices for algae were found in the areas where there was no tourist activity, while those that had the lowest values were located in areas with moderate and heavy tourist activity (Figure 2) . 
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Algae Corals Mollusks Total Carolina A. A. Azevedo et al. With respect to substrate coverage (Figure 3 ), brown algae had the highest coverage percentage at stations E1, E2, E4, E8, and E9, with the highest value recorded at station E4 (84.86%). This dense coverage was mainly dominated by Sargassum vulgare (58.51%), Dictyopteris delicatula (22.46%), and Lobophora variegata (2.57%). Sand/gravel/rock was predominant at stations E5 and E6, being particularly noteworthy (61.28%) at station E6. At these two stations, the mollusk (Cerithium sp.) contributed to 0.11% (E6) and 0.08% (E5) of the coverage, respectively. Furthermore, the green algae Dictyosphaeria verlusyii were often observed at these stations (2.34%). Red algae were significantly present at station E7 (48.57%); however, this category was present in all of the reef areas sampled. Considerable coverage by corals was observed mainly at stations E5 (32.97%) and E7 (49.89%). The principal representatives were the species Zoanthus sociatus (E5) and Pallythoa caribaeroum (E7), respectively. High coverage by green alga was recorded at station E3 (50.57%), where the most conspicuous species was Caulerpa racemosa (46.86%). At the other stations, this category showed values below 10%. Even at this station, the coverage by calcareous alga showed a maximum percentage of 18.86%. Articulated coralline algae contributed to a low level of coverage, being present mainly at stations E5 (6.51%) and E6 (0.23%) ( The Shannon-Wiener diversity indices of the Pirangi reef are shown in Figure 4 . In general, the highest diversity values were recorded at stations located outside the area frequented by tourists and the lowest values in the areas with the greatest concentration of tourist activity. However, two notable exceptions are station E7, situated in an area with moderate human presence and which had the lowest recorded index (0.80), and station E5, where the diversity was higher than expected (1.40) due to the level of tourist activity and trampling.
Macrolgae as an indicator of the environmental health of the Pirangi reefs, Rio Grande do Norte, Brazil
Cluster analysis resulted in the grouping of the stations into five major groups at a similarity of 50% (Figure 5 ), which can be regarded as separate zones of the Pirangi reef formation. The first zone includes stations that are always submerged and characterized by thick algae and high species richness (E1, E2, E4, and E9). This zone has a high percentage of Sargassum vulgare. The second zone corresponds to station E3, also submerged, with high coverage of Caulerpa racemosa, followed by Dictyopteris delicatula; the third zone contains station E8, the only sampling location having considerable amounts of Gelidium torulosum; the fourth zone corresponds to the region of the reefs that periodically emerged at low tide (E5 and E6). This zone features small algae, low richness, and high coverage of Zoanthus sociatus; the fifth zone consists of station E7, exposed to the action of the waves, with low richness and high coverage by Gelidium sp. algae and Palythoa caribaeroum coral. 
Discussion
This study identified macroalgae as the dominant biological component in the Pirangi reef formations. This feature is a relatively common phenomenon in reef environments located near urban areas in various regions of the world (Wismer et al., 2009) . Moreover, comparison with data from the literature indicates that this model is quite common in reef areas on the Brazilian coast (Villaça & Pitombo, 1997; Costa Jr. et al., 2000; Medeiros et al., 2010) .
Substrate coverage along the reef fringe was predominantly composed of leafy algae, mostly belonging to the brown algae group (Sargassum, Dictyota and Dictyopteris). The abundance of brown algae is very common in shallow reefs (McCook, 1997) , corroborating data obtained in this study. The dominance of brown algae was also described as a frequent component in reef areas of Northeastern Brazil (Figueiredo, 2000; Costa Júnior et al., 2002; Marins et al., 2008) . In terms of coverage percentage, corals were well below macroalgae and the presence or absence of these organisms in a particular area of the reef was subject to environmental conditions (exposed, semiexposed, sheltered). For example, the species Pallythoa caribaeroum accounted for about 50% of the coverage percentage at station E7, an area subject to strong breaking waves, while Zoanthus sociatus had around 33% coverage at station E5 and 24.5% at station E6, both characterized by long periods of emersion, desiccation, and large changes in environmental factors. Indeed, studies have shown that zoanthids are conspicuous inhabitants of turbulent tropical waters, quite tolerant to physicalchemical stress, and can withstand prolonged periods of emersion (Bastidas & Bone, 1996) . Although present at four of the stations sampled, Sideratrea stellata colonies exhibited low coverage percentage (0.86-0.97%). This species appears in higher proportion in submerged areas (~2 m deep) located at both ends of the reef, where there is no tourist activity. This suggests that hydrodynamic exposure is a factor that influences the spatial variation of coral and indicates that soft coral communities are more flexible and resilient than hard coral communities to the environmental conditions of the reef.
Another interesting aspect of this study was the significant presence of small turf algae in areas where there is intense tourist activity (stations E5 and E6). The presence of these algae is indicative of environments subject to frequent disturbance and can be considered to be an indicator of reef degradation (Bahartan et al., 2010) . The large areas with no living organisms in this zone further highlight the impact of human presence in this part of the reef.
Due to their proximity to the coast, the Pirangi reefs are particularly vulnerable to anthropogenic effects. One of these is the trampling of the biological coverage by the hundreds of visitors who frequent the reef each year. Thus, the data obtained in this study show that disturbances (natural or anthropogenic) can result in a different distribution of the benthic organisms in the reef area, as evidenced by the differences in diversity and coverage percentage among the stations studied. Moreover, these results allow us to infer that the area of the reef that was studied has undergone changes resulting from human activities and that the differences in biological composition can be used as an important indicator of the health of the Pirangi reef formation.
